This study tries to figure out the difference between the physical productivity and the financial efficiency among major airports in the Asia-Pacific region using the data of 11 airports for the period [2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013] 
Introduction
Recently, efficiency becomes one of the most important performance indicators in operation not only of private companies but also of public entities. Due to the severe competitive environment in the world economy especially after globalization from 1980's, private companies have had to seek their sources of profits from the optimization of operation in the supply side as well as from the expansion or differentiation of markets in the demand side. The continual trends of privatization, hence the introduction of the market competition system, elaborated by central/local governments, have urged the public corporations to strive for managerial reformation to cope with the imminent competition with the private sectors.
Under those circumstances, numerous indicators have been developed to capture the performances of firms from various standpoints. Aside from quantitative indices, such as sales, market share, growth rate, and indices for accounting profitability, several qualitative reference marks have been adopted in many industry sectors, among which efficiency indices must have attracted more attentions of executive managers in related companies as well as scholars in the fields.
Efficiency can be interpreted as the productivity in terms of physical volumes of inputs and outputs, and as the financial efficiency in terms of monetary inputs and outputs. These two aspects of efficiency can be explained by the theory of duality in economics in which the optimized point of the production function in a firm is the same with that of the cost function in the firm, if the monetary inputs and outputs are measured by the input prices and the total costs, respectively, in the financial efficiency.
But, in existing literatures, financial efficiency is often measured by monetary values of inputs and outputs, and is used as an alternative method of a physical productivity measure. Though it is understood that these are partly due to the limitation of available data, these two methods may not show exactly the same results even with the same subjects of the same periods, because the different price structures among observations will affect the process of transforming physical values to monetary ones.
Hence, the main aims of this paper are to figure out whether the physical productivity is consistent with the financial efficiency measured by the methods in existing literatures and, if inconsistent, to identify the origins of the inconsistency. The secondary aims are to evaluate the performances of the hub airports in the Asia-Pacific region with those two methods and to find out common trends of efficiency changes among them.
For these purposes, this paper reviews existing literatures on efficiency measure of airports and strengthen the points at issue of this paper in section 2. Section 3 explains the methodology of efficiency measure and the data used in this paper. The results of empirical analysis are provided in section 4 with the implications of them. Section 5 concludes the paper with the major findings and limitations.
Literature Review
Existing methods of efficiency measurement 1 can be classified into 4 broad categories. The partial factor productivity (PFP) is a simple non-parametric method which chooses an input variable and an output variable and measures the ratio of output over input. This method is very easy to measure with relatively simple data set, and is adoptable to any sets of input-output combination regardless of production or cost, whereas it can't grasp overall efficiency of an entity and is only to be comparable to other input-output sets with the same units of calculation.
More generalized methods are the total factor productivity (TFP) and the stochastic frontier analysis (SFA). While the former is a typical non-parametric method of productivity comparing the weighted index of output with that of input, the latter is a parametric estimation method of a production/cost function, in which the efficiency is measured by the distance of the observation and the frontier. Concerning airport efficiency, Oum et al. (2003) and following yearly researches of the Airport Bench Marking Report are the representative contributions using TFP, and Choo & Oum (2013) is the recent result using SFA. These methods have the advantages of measuring overall efficiency and of comparability among firms. But serious drawbacks of them is that they require lots of data and complicated process of measurement, and that only one output variable is allowed in case of SFA.
The most popular method for efficiency measurement is the Data Envelopment Analysis (DEA) in the field of air transport researches. Starting from the research of Gillen & Lall (1997) , numerous papers have used the method and various modified models of it. The strength of this method is that it allows multi-outputs as well as multi-inputs, and that various kinds of efficiency can be measured along with the characteristics of variables chosen, whereas a serious shortcoming is that the measured efficiency score is only a relative term depending upon the variables used and the observation groups. Table 1 shows the list of recent literatures on airport efficiency using DEA method. From it, we can find out that various input and output variables are used depending upon the possibility of data collection in each study. Most studies reviewed use the number of passengers, number of carriers, and the volumes of cargo as output variables, except Bazargan & Vasigh (2003) and Oum & Yu (2004) which add non-aeronautical revenues to output variables.
Input variables are more diversified by authors. Many researches use the size of physical facilities, such as the number or the length of runways, terminal areas, and the number of gates, as input variables. Number of employees is frequently used as well.
A serious problem in existing researches is that they used the limited numbers of variables especially in input variables. As Lam et al. (2009) pointed out correctly, the input variables should contain at least one component of each labor, capital, and intermediates to avoid the possible biases of the results of efficiency. Most of the above researches lack the variables of intermediates except for the cases of Oum & Yu (2004) and Lam et al. (2009) . Some researches use only the size of physical facilities as input variables (Chi-Lok & Zhang, 2009; Chow & Fung, 2012; Ahn & Min, 2014) .
Analogous principle should be adopted in output variables that they must describe all the outcomes of airports which are operated to transport passenger and cargo and to run their derivative business. But, most of researches did not consider the output variable of nonaeronautical revenues, which occupies more than half of airport revenues and is getting More important issues to be considered is that physical productivity and the financial efficiency should be clearly classified. All of above researches measure physical productivity by using physical results as output variables. But, some of them use several variables of monetary term as input variables. The most extreme case is Lam et al. (2009) , which uses only monetary terms of input variables.
It may be inevitable to use the monetary-term variables as inputs or outputs, if the properties of them can't be converted into physical terms. Soft cost in input variables and non-aeronautical revenues in output variables are the cases. But others should be converted into physical terms if it is for physical productivity.
Methodology and Data
The DEA model used in this paper is the super-efficiency slack-based model (super-SBM), which is a non-radial model allowing the efficiency score more than 1. Traditional DEA models, like CCR or BCC, are radial models which measure the efficiency score by the distance from origin. But these models miss the slacks among the DMUs in calculating the efficiency scores. The non-radial slack-based model can consider the slacks in measuring the efficiency score.
Another shortcoming of the traditional model, including SBM, is that there are too many DMU's of which the efficiency score is 1. The method of measuring super-efficiency is to draw a new efficient frontier after deleting one of the efficient DMU's and to calculate the distance between deleted DMU and the new frontier. By doing this, we can calculate a new efficient score of the DMU's which was 1, but are not less than 1.
There are numerous articles using the DEA-SBM for efficiency measurement and most of them explain and describe the mathematical model 2 of the methodology. Hence this paper just provides the formula of SBM and the illustrative figure for super-SBM. The formula of SBM is as In Figure 1 , by using SBM, the efficiency score of DMU A, B and C is 1, and the distance between C and D is a slack of D, whose efficiency score might be 1 if the score was measured with other radial methods like CCR or BCC. But, if we draw another frontier line by using A, C and D after deleting B, we can calculate the distance between B and P, which is the super-efficiency score of B, which is bigger than 1, while those of other A and C are still 1.
The data used in this paper is a panel data for 11 major airports or airport groups 3 in AsiaPacific for the period of 2001 and 2013, in total 115 observations. Airports are chosen based on the Top 20 Hub Airports Ranking announced by ACI in 2014 and the possibility of data collection. As shown in Table 2 , some airports (group) have only relatively a short period of data due to the limitation of data collection. Most of the data were collected from the annual report, financial statement, and traffic report provided at the internet home page of each airport (group). The data of some characteristic variables were collected from the reports of ACI, CAPA, and the Airport Benchmarking Report published by the Air Transport Research Society (ATRS) every year. CAG 2009 CAG -2013 All the observations contain the number of employees, the area of passenger terminal, the area of cargo terminal, the soft cost, the labor cost, and the depreciation cost as input variables. Output variables collected are the number of passengers, cargo volume, the aeronautical revenue, and the non-aeronautical revenues. Among them, the input variables for the measurement of the physical productivity are the number of employees, the area of passenger terminal, the area of cargo terminal, and the soft cost, whereas those for the financial efficiency are the labor cost, the depreciation cost, and the soft cost. The output variables for physical productivity are the number of passengers, cargo volume, and the non-aeronautical revenues, while those for financial efficiency, the aeronautical revenue, and the non-aeronautical revenues. This means that this paper strictly classifies the differences of variables for two methods.
The soft cost is overlapped for the input variables between the two methods, and the nonaeronautical revenues, for the output variables. This is inevitable because the property of those variables cannot be transformed to physical terms and it is very difficult to find out other proxies for them due to the data limitation of the industry. Figure 2 shows the average efficiency scores of recent 5 year by airports. It looks that the physical productivity and the financial efficiency of airports show little difference except for some airports like Kansai, Guangzhou, and Kuala Lumpur. These airports have the common characteristics that they are not one airport, but the airport groups including neighboring regional airports. But if we look into the airports which show high efficiency scores in both methods and which consist only of one airport more precisely, we can find out that they also have big differences in the scores over time between the two methods ( Figure 3 ). This means that the results of those two methods cannot be compared with the same yardstick. We can guess that this difference has its origin on the different price structure of both inputs and outputs by countries, though this paper has discounted all the monetary term variables by Purchasing Power Parity (PPP) to minimize the possible biases from exchange rate and price level.
Empirical results and their implications
To identify more on the origin of the difference, this paper estimates 2 more efficiency scores by crossing the input variables and output variables, and measure the Spearman's rank correlation coefficient and Pearson's ordinary correlation coefficient among 4 efficiency scores. The results show that the two coefficients have little differences and that the efficiency scores with the same input variables have much higher correlations than others (Table 3) . Another practical findings are that, in terms of physical productivity, the airports which lead the market are Taipei, Incheon, Guangzhou and Beijing, whereas Kuala Lumpur, Bangkok and Tokyo relatively suffer from inefficiency. This implies that the airports in China and neighboring countries are more efficient than those in Southeast Asia in terms of physical productivity. It can be explained by the facts that the huge demand for air transport from China are offset by the supply of airports around China, while the airports depending upon the domestic market suffer from the relative demand shortage.
On the financial perspective, Taipei, Kuala Lumpur, Beijing, Hong Kong, and Incheon are relatively more efficient, while Kansai and Guangzhou are less efficient. Compared with the results of physical productivity, these results of financial efficiency implies that the trends of efficiency among airports by two methods are relatively similar, except for some cases which compensates the productivity inefficiency by its price structure (Kuala Lumpur), and which are the second tier hub airports in their countries (Guangzhou and Kansai). Average trend of efficiencies in the market as a whole is shown in Figure 4 . From it, we can identify that two efficiency scores are getting converged over time, especially after 2008. This is so in the analysis by countries, too. 
Conclusion
This study has tried to figure out the consistency between physical productivity and financial efficiency, and to find out the origins of the difference. The results show that two methods are clearly different in their properties, and, should not be used for a mutual alternative. The difference comes mainly from the difference in input variables.
Existing literatures often use the input variables of monetary terms in physical productivity measures, and compare the results of efficiency measure without considering the differences in input and output variables. But, the results of this paper show that they are not the proper ways. If we want to measure and to compare the efficiency of airports from different countries or over time, collection of input variables with the same or at least similar properties is utmost important and the physical productivity and the financial efficiency should be strictly classified.
Despite those contributions of this paper, there is a possible way for making the results of the two methods have the same results. If the input variables in financial efficiency correctly reflect the price structure of each observation and the output variable is purely a total cost, the results of the two methods will be the same. But, in this case, the multiproduct characteristics of airports should be considered in different ways. These are left for future researches.
Another finding of this paper is that the efficiencies of major airports in the Asia-Pacific region are getting better, either in productivity or in financial efficiency. But one important drawback is that the origins of the improvement cannot be identified by the analytical method of this paper. Regression analysis using the results of this paper as the dependent variable and other proxies on operation characteristics as the explanatory variables can be a useful method for the complementary research of this paper. This is left as a future research theme, too. 
